In this paper, the effects of strategic consumer behaviors have been investigated and analyzed with regard to online retailers and offline retailers in a dual-channel supply chain. Four channel structures (i.e., no-promotion, a direct online channel, a retail offline channel, and dual channels introduced in the promotion sales period) are considered. At the beginning of the paper, the original demand functions of a dual-channel supply chain incorporating the consumers' utility has been introduced. The results indicate that despite improved consumer patience, all promotional prices do not fall as expected. When sales channels are provided by online retailers rather than offline retailers during the promotion period, offline retailers can achieve higher profits. We also find that in most cases, a dual-channel model in a single-period is more beneficial to both online and offline retailers than a dual-channel model in two periods, which is, to a certain extent, contrary to the existing literature of single sales channel.
Introduction
The Internet has significantly influenced consumers' purchase patterns. Some consumers may prefer to purchase online, while others may prefer to shop in stores (i.e., offline). Consequently, different consumer purchase patterns have inspired online and offline retail channels (i.e., dual channels). According to eMarketer (2018), e-retail sales accounted for 10.2 percent of all retail sales worldwide in 2017 and expected to reach 17.5 percent in 2021. However, prices for products tend to be marked down after new versions of products are introduced into the market. Notably, about 50% of inventory is sold at discount prices in the clothing industry [1] . Purchasers of automobiles, home appliances, and other durable goods also routinely wait for prices to fall. There are several different kinds of channel structures in current marketing systems to sell overstocked products, such as the traditional offline retail only, the online only, and dual-channel promotion, which is a combination of the first two channels. According to Adobe Analytics Data, Cyber Monday, acting as the most classic online promotional activities in the second sales period, sales topped $7.9 billion in 2018. Black Friday is one of the representative offline promotional activities, and shoppers spent nearly $6.22 billion on the day, 23.6% up from last year. Another example is the Christmas or Chinese New Year, during which both the offline and online retailers intend to offer big discounts. These examples demonstrate the effectiveness of online and offline promotional strategies.
These observations motivated us to explore the impact of channel market structure on how an offline/online retailer makes strategic decisions to clear overstocked products in the second period. In this paper, a two-period model for the online and offline channels that sell the same products has been developed. In the first sales period, regular-priced products are sold in both the offline channel and the online channel at the same time, while in the second sales period, overstocked products are sold at discounted prices through three different channel structures: the direct online channel only (defined as "Model D"), or the retail offline channel only (defined as "Model R"), or both channels (defined as "Model B"). In addition, we also wondered whether the extended sales period is beneficial to the retailers by considering no promotion situation (defined as "Model N"). In each model, we are interested in investigating the effects of strategic consumers' behaviors on the whole system equilibrium. We characterize the strategic consumers' behaviors, including the degree of consumer patience and the acceptance of the direct channel into two-period offline/online channel sales models. Whether consumers purchase during the first or second sales period mainly depends on the degree of consumer patience. Consumers may wait for the lowest possible discounted price before making a purchase [2] . According to the Market Research Society's survey, more than 50% of consumers tend to wait for the low-price period to buy products. In addition, the acceptance of the direct channel reflecting consumers' willingness to purchase online is a key factor. When strategic consumers confront dual channels, consumer acceptance of the direct channel may be less than the acceptance of conventional retail stores because delivery time exists in a direct channel.
We construct a Nash game-theoretic model to represent the interaction among the online retailer, the offline retailer, and a population of strategic consumers in the four above-mentioned channel market structures. The contribution of this study is threefold. First, demand functions at each sales period through offline or online channel are firstly introduced by incorporating the consumer's utility in our paper. Second, optimal quantity strategies for the online and offline retailers in four dual-channel supply chains are established, respectively. Third, the pricing decisions and profits of online and offline retailers among different sales channel structures are compared to judge whether offline or online channel in the second sales period should be offered or which model should be adopted.
We make some interesting observations. First, even though the degree of consumer patience increases, all selling prices in the promotion period set in Model D, Model R, and Model B do not decrease as expected. Meanwhile, the offline retailer's optimal quantities and prices do not always decrease with the increase in the acceptance of the online channel. In particular, the offline retailer's results in the promotion period increase with increasing acceptance in Model R. Second, the online retailer's profit and offline retailer's profit in Model B are lower than those in Model N, respectively, which is contrary to the results reported in the existing literature. Third, compared with introducing an offline channel in the promotion period by the offline retailer (i.e., Model R), the offline retailer could obtain higher profit when the online retailer sets the online channel in the promotion period (i.e., Model D).
The remainder of this paper is organized as follows. Section 2 reviews the relevant literature. Section 3 introduces the innovative demand functions of the four models described above. Section 4 derives the optimal decisions of online and offline retailers for the different retail structure strategies. Section 5 compares the equilibrium results of the different retail structure strategies by numerical examples. Section 6 concludes the results and outlines limitations. Finally, Appendix A presents the proofs for the Propositions.
Literature Review
Our paper focuses on the research of an offline/online dual channels supply chain. The dual-channel supply chain with a single-period model has been given much attention, mainly on channel choice. Arya et al. (2007) showed that the online channel plays an important role in exerting potential competition pressure on the existing retailer by increasing the manufacturer s negotiation power [3] . Moreover, Chiang et al. (2013) found that the introduction of an online channel always results in a wholesale price reduction, which might benefit both the retailer and the manufacturer [4] . investigated the strategic effect of return policies in a dual-channel supply chain where the manufacturer decides whether to implement a return policy in the online channel, the offline channel, and dual channels [5] . However, only one single sales period is considered in these essays; we concentrate on the channel choice in the promotion sales period, which has seldom been touched. A considerable body of research also concentrates on pricing strategies in the dual-channel supply chain. Hua et al. (2010) examined the optimal decisions of a dual-channel model under the condition of the linear demand function, but they did not take strategic consumers into account [6] . Many other factors, such as delivery lead time [7] , product availability for offline channel's service [8] , return policy adoption [5, 9] , are considered to examine how these factors affect the whole pricing strategy of dual channels.
A significant amount of work has been carried out on the two-period model. De Giovanni and Zaccour (2014) investigated the pricing, collection effort decisions, and members' profitability to compare several two-period closed-loop supply chain configurations of the collection process [10] . Lin (2016) assumed that the demand function is linear and includes reference price effects, they found the reference price effect could alleviate the double marginalization effect and improve the channel efficiency [11] . In the same demand setting, Maiti and Giri (2017) developed four decision strategies, including the same or different wholesale prices to two selling periods in preannounced or delayed pricing strategies [12] . When the demand at each period is stochastic, Chen and Xiao (2016) investigated the optimal decisions of the players, where stock-out and holding costs are incorporated into the two-period model [13] . However, neither of these studies addressed price-dependent demands by introducing strategic consumers' behavior, such as consumers' patience. Papanastasiou and Savva (2017) touched upon the consumer degree of patience in the two-period supply chain [14] . But they ignored the strategic behaviors in the dual channels model.
By combining the dual-channel with a two-period supply chain, we observed studies on the two-period dual-channel supply chain, which are also closely related to this paper. For instance, Lai et al. (2010) investigated the price matching strategy, which eliminates the enthusiasm of consumers to delay buying, thus allowing retailers to increase prices during normal sale periods [15] . Huang et al. (2012) developed a two-period pricing and production decision model in a dual-channel supply chain that experiences demand disruption during the planning horizon. They showed that optimal prices are affected by consumers' channel preferences and the market scale [16] . Nevertheless, what we obtained reveals that the optimal pricing structure also depends on the degree of consumer patience. Xiong et al. (2012) considered a durable goods market consisting of direct sales by manufacturers through online and offline channels and a mix of selling and leasing by dealers through the offline channel to consumers [17] . In the same setting with [17] , Yan et al. (2016) investigated how the addition of the online channel affects the traditional marketing strategies of leasing and selling [18] . The previous literature do not consider strategic consumer behaviors.
There has been a growing interest in studying the impact of strategic consumer behavior on a seller's pricing decision. Hübner et al. (2013) structured retail demand and supply chain planning questions coherently from the perspective of suppliers and consumers [19] . In Cachon and Swinney (2009), consumers may wait for a clearance sale, the probability of which is low if the seller can better match supply with demand using advance demand information [20] . In our paper, both the acceptance of the online channel and the degree of consumer patience for waiting for the second sales period are discussed in a dual-channel supply chain. Furthermore, strategic consumer behaviors are also discussed in other marketing settings. For example, Giampietri et al. (2018) investigated consumer's motivations and behaviors in a short food supply chain [21] . Zimon and Domingues (2018) developed guidelines for the concept of sustainable supply chain management in the textile industry [22] . Zhou (2016) focused on the pricing strategy of a dual sales channel where the price in the second period has no effect on the market demand in the first period [23] . By contrast, this effect is elaborated in our model. We also incorporate the effect of several channel structures on profits to provide insights for the choice of sales structure.
To the best of our knowledge, the supply chain with dual-channel, two sales periods, and strategic consumers described in this paper has seldom been studied. For the problem described above, we characterize the degree of consumer patience and the acceptance of the direct channel into a two-period dual-channel sales model. We also present a numerical analysis for choosing the optimal channel structural strategy.
Models
In this section, we describe the basic model of consumer choice and the demand functions within different channel structures over two periods in detail.
Online and Offline Retailers
This paper focuses on four common models, online and offline retailers would have four different quantitative behaviors. The first model is a benchmark model without considering the second promotion period (denoted "Model N"). In the second model (denoted "Model D"), only the online seller provides a price discount in the second period. This setting is motivated by the online promotion on "Cyber Monday" in the United States or "Double Eleven" in China. Inspired by store promotion on "Black Friday", some offline retailers promote products in the second period (denoted "Model R"). At last, both the retailers adopt promotion strategies in dual channels (denoted "Model B"). Figure 1 presents the sequence of events under the four models. 
Models
Online and Offline Retailers
This paper focuses on four common models, online and offline retailers would have four different quantitative behaviors. The first model is a benchmark model without considering the second promotion period (denoted "Model N"). In the second model (denoted "Model D"), only the online seller provides a price discount in the second period. This setting is motivated by the online promotion on "Cyber Monday" in the United States or "Double Eleven" in China. Inspired by store promotion on "Black Friday", some offline retailers promote products in the second period (denoted "Model R"). At last, both the retailers adopt promotion strategies in dual channels (denoted "Model B"). Figure 1 presents the sequence of events under the four models. The interactions between the online retailer and offline retailer are modeled by using the Nash game theory. The online and offline retailers announce retail quantities 1 d q and 1 r q , respectively, and simultaneously at the beginning of the first sales period, then in the promotion sales period, the online retailer and offline retailer set the retail quantity in the online channel, consumers may expect that the price in the online channel is less than that in the offline channel to balance the disadvantage, i.e., We refer to the first selling period as the full-price period and the second selling period as the promotion period, that is,
We also consider that in this dual-channel supply chain, firms are risk-neutral, and the information between the two channels is symmetric. Finally, we follow the literature (e.g., [24, 25] ) to normalize the production and selling costs of the products to zero. The interactions between the online retailer and offline retailer are modeled by using the Nash game theory. The online and offline retailers announce retail quantities q d1 and q r1 , respectively, and simultaneously at the beginning of the first sales period, then in the promotion sales period, the online retailer and offline retailer set the retail quantity q d2 in Model D, or quantity q r2 in Model R, or q d2 and q r2 in Model B.
Correspondingly, the prices of online and offline retailers in the first sales period are p d1 and p r1 , respectively, and the discount prices in Period 2 are p d2 and p r2 . Due to the delivery delay in the online channel, consumers may expect that the price in the online channel is less than that in the offline channel to balance the disadvantage, i.e.,
We refer to the first selling period as the full-price period and the second selling period as the promotion period, that is,
We also consider that in this dual-channel supply chain, firms are risk-neutral, and the information between the two channels is symmetric. Finally, we follow the literature (e.g., [24, 25] ) to normalize the production and selling costs of the products to zero. 
Strategic Consumers
On the one hand, a product is worth v subject to a real inspection while immediate possession has worth θv when the product is obtained from the direct channel due to the delivery delay in the online channel. Here parameter θ ∈ (0, 1) is called the consumer acceptance of the direct channel. Specifically, when θ approaches to 1, it indicates that the delivery time is very short, and the consumer tends to fully accept the direct channel, and vice versa. On the other hand, patient consumers may decide to buy products in the second period and wait until the price is low enough. To incorporate this behavior, parameter ρ ∈ [0, 1) is used to interpret as a measure of the consumer s patience. As with [8, 26] , the parameter ρ could also be explained as product availability in the second period because there exists out of stock in the second period. The structure of the consumer utility function here is the same as in the above-mentioned literatures. Since we focus on strategic consumers' behaviors in our paper, we define it as the degree of consumer patience. Throughout the analysis, a consumer is "myopic" when ρ = 0 and "infinite" when ρ approaches to 1 [14] . The acceptance of online channel 0 < θ < 1 arises from the delay due to the delivery time in the online channel. Consumers are willing to wait more time for the second-period promotional activities to get low prices; thus, for the same products, consumers would obtain a smaller discount when buying from the second period in comparison to buying from the online channel, which means θ ≥ ρ as they are both referring to the delay in consumption.
Strategic consumers are homogenous in the valuation of products, the consumption value (alternatively called "willingness to pay") v is assumed following uniformly distributed on [0,1] within the consumer population. Thus, a consumer evaluates four expected utilities of different strategies as follows.
(1) Buy at the beginning of the first selling period (denoted "Period 1") through the offline retail channel, which yields an expected utility of u r1 = v − p r1 . (2) Buy at the beginning of Period 1 through the direct online channel, which yields an expected utility of u d1 = θv − p d1 . (3) Wait for the second selling period (denoted "Period 2") through the offline channel, the expected utility is u r2 = ρ(v − p r2 ); (4) Wait for the second selling period (denoted "Period 2") through the online channel, the expected utility is u d2 = ρ(θv − p d2 ).
Where p ij is the price of the i channel in Period j, where i = d, r and j = 1, 2. Here d and r denote the direct online channel and offline retail channel, respectively.
Demand Functions
We need to analyze consumers' choice when products can be purchased in dual channels in both periods on four common scenarios: Model N, Model D, Model R, and Model B. Figure 2 illustrates the utility functions in the case of these models.
Generally speaking, p d2 θ (or p r2 ) is a threshold value that consumers have a positive utility buying through an online channel (or an offline channel) in Period 2. The consumer who is indifferent between buying products through an offline channel and an online retail channel in Period 1 is located at
which could be observed intuitively in Figure 2a . Then, for a consumer who prefers the online channel in Period 1 to the online channel in Period 2. The consumer's valuation v should exceed
, which is shown in Figure 2b ,d. Next, from Figure 2c ,d, we can obtain that each consumer whose valuation exceeds p d1 −ρp r2 θ−ρ would consider buying from the online retailer in Period 1 rather than buying in the offline channel in Period 2. that each consumer whose valuation exceeds Thus, with the help of consumer utilities and Figure 2 , we obtain the demand functions in each model. In Model N, the demand functions of the online and offline retailers are as follows:
(1)
For the situation of Model D, the demand functions are
In the case of Model R, the demand functions are
Lastly, in Model B, the demand functions are Thus, with the help of consumer utilities and Figure 2 , we obtain the demand functions in each model. In Model N, the demand functions of the online and offline retailers are as follows:
Lastly, in Model B, the demand functions are
Model Analysis
In this section, we model the game and analyze the equilibrium outcomes under the four different scenarios (as described in Section 3.1) when the online and offline retailers conduct the Nash game, where firms choose quantities rather than prices, e.g., [3, 17, 24, 27] .
No Promotion Model (Model N)
Here, we discuss the scenario that the second period is not introduced. This scenario is used as a benchmark model with which to compare the three subsequent models. In Model N, the demand function is shown in Equation (1). Hence, the reverse function is
In this benchmark model, the online and offline retailers decide their retail quantities at the same time. The profit functions of online and offline retailers are as follows:
Therefore, the equilibrium results are obtained as the following proposition. Proposition 1. In Model N, the online and offline retailer's optimal sales quantities q N r1 and q N d1 are q N r1
Proof. For given π r and π d , calculate the first derivate of on q r1 and q d1 , respectively. We have
Arya et al. (2007) studied the same problem as in Model N without considering strategic consumers [3] , while in our paper, we examine how acceptance of the online channel affects the whole pricing strategy of dual channels. Proposition 1 elaborates that in Model N, the sale price decided by the online retailer increases with rising acceptance of the online channel. Intuitively, as the competitor of the online retailer, the performance of offline retailer results has declined with the increasing acceptance of the online channel. This observation is partly consistent with the property of the offline retailer in Chiang et al. (2003) [4] . They stated that when acceptance of the online channel is below a cannibalistic threshold, the optimal prices and quantities are not influenced by the acceptance of the online channel. However, we further find that the acceptance of the online channel plays an important role for the online retailer no matter how small of consumer acceptance of the direct channel is.
Direct Online Channel Introduced in Period 2 (Model D)
This subsection considers Model D, in which the offline retailer does not do any promotions, and their second-period price is the same as the price in Period 1. As a result, their second-period sales volume is zero. In the case of Model D, the online and offline retailers' demand functions are stated by Equation (2). Hence, the reverse demand functions are
The online retailer and the offline retailer interact as follows: the online retailer determines the optimal sale quantity q d1 , and the offline retailer chooses the optimal sale quantity q r1 at the same time in Period 1. Then the online retailer decides the sales quantity q d2 sold through the direct online channel in Period 2.
We then use backward induction to determine the perfect equilibriums. Proposition 2 shows that there exists a unique Nash equilibrium for this model. 
Further, the corresponding optimal prices in Period 1 and solutions in Period 2 are
.
Proof. See Appendix A.
Zhou (2016) also studied the pricing problem in a dual-channel considering online promotion [19] . They focused on the relationship between selling cost advantages and price strategies chosen by retailers, while we concentrate on the effects of consumers' strategic behaviors on the optimal quantities and prices of retailers. Following the preceding discussion of the optimal decisions in Model D, the following propositions are provided.
Proof. See Appendix A.
Proposition 3 shows that when the acceptance of the online channel is high, or consumers prefer to wait, online retailers strategically raise the price in Period 2 to obtain a high marginal benefit. What is more, as consumers become more patient, the online retailer extends the sales volume in Period 2 and reduces it in Period 1 in response to alleviate the competition pressure with the offline retailer in Period 1. From the offline retailer's viewpoint, offering an online channel in Period 2 is a serious threat to the offline retailer. To compete against the online channel and protect its market share, the offline retailer has to cut its retail price as the only effective tool. Thus, the offline retailer's sales volume increases. Finally, as the direct channel becomes more attractive, more consumers would choose to buy from the online channel instead of the offline channel.
Retail Offline Channel Introduced in Period 2 (Model R)
In Model R, the online and offline retailers' demand functions are stated by Equations (3). Thus, the reverse functions in Model R are
The behaviors of two retailers in Model R in Period 1 are similar, as in Model D. Proposition 4 shows that there exists a unique Nash equilibrium for Model R. 
. Further, the corresponding optimal prices in Period 1 and equilibrium solutions in Period 2 are
Following the preceding discussion of the optimal decisions in the Model R, the following propositions are provided.
In the offline channel, more patient consumers in Period 1 would shift to purchase in Period 2. As a result, the sales volume through the offline channel in Period 1 decreases with the degree of patience, while the sales volume in Period 2 increases. But it seems counter-intuitive that more patient consumers will not wait for lower prices in Period 2. Confronted with patient consumers, offline retailers' marketing strategy of setting a high price in Period 2 aimed at attracting consumers to purchase in Period 1 since they could obtain a high marginal profit in Period 1 since p R r1 ≥ p R r2 . Propositions 5 also shows that when the offline retailer extends the selling period, confronted with more patient consumers, the offline retailer sets a lower selling price to avoid reducing fierce competition in Period 1. Then the online retailer has to cut its selling price to protect its market share. Accordingly, the online retailer's sales volume in Period 1 increases with respect to the degree of patience, which is symmetric with properties of offline retailer's sales volume in Model D, as shown in Proposition 3.
Contrary to the existing literature of single sales period, Chiang et al. [4] and Xu et al. [7] verified that offline retailers' price is negatively correlated with the acceptance of online channels. Propositions 5 shows that in Period 2, the offline retailer aggressively increases prices to make the competition more intense with the rising acceptance of the online channel, the main reason is that the offline retailer occupies the entire second-period market in Model R.
Both Channels Introduced in Period 2 (Model B)
In Model B, the online and offline retailers' demand functions are stated by Equation (4), it follows that the reverse demand functions are
We discuss the optimal quantity decision in Model B, which means that the first-period and second-period sales quantities will be announced at the beginning of the corresponding selling period. Using backward induction, Proposition 6 shows that a unique Nash equilibrium exists for Model B. Proposition 6. In Model B, the optimal retail quantities in Period 1 are
Further, equilibrium solutions in Period 2 are
The corresponding optimal prices in Period 1 and Period 2 could be obtained by Equations (7) .
Discussion and Comparison
In this section, the effect of strategic consumer behaviors on optimal results in Model B is discussed, and the optimal results obtained under four different decision strategies are compared.
Sensitivity Discussion
First, take a closer look at the implications of consumer patience for two parties' outcomes in Model B. When the acceptance of the direct channel is given, taking θ = 0.8, the properties of sales volumes and prices about ρ, ρ ≤ 0.8 = θ will be represented in Some discussions about these figures are given in the following: In Model B, Figures 3 and 4 reveal that sales volumes and prices in Period 1 decrease with the rising degree of patience either from the online or offline retailer. While in Period 2, sales volumes and prices have opposite characters, that is,
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The reason for this is that retailers aim at attracting consumers to purchase in Period 1 since they have a high margin in Period 1. This relationship seems to contradict to the expected results from consumers, which suggests that more patient consumers could wait for the lower price. In fact, this interesting phenomenon, that second-period prices decrease as consumer's patience increases, is also investigated by Papanastasiou and Savva (2016) , where they only considered one retail channel in the two-period model [14] .
In addition, the price and sales volumes set by the online retailer increase as the acceptance of the online channel increases in both Period 1 and Period 2. While it is the opposite for all the results of the offline retailer, i.e., Figures 5  and 6 . Obviously, this efficient online channel helps increase online prices and forces the offline retailer to markdown retail prices in both selling periods, which is different from the results in Model R. Proposition 5 stated that the offline retailer aggressively increases the offline second-period price as online channels gain acceptance because the offline retailer occupies the entire market.
Comparison of Dominating Areas
In this section, we graphically show some regions with the pair of parameters (θ, ρ) where we compare selling quantity sequences in Period 1, the online retailer's profit sequences, and offline retailer's profit sequences under four different models. Some discussions about these figures are given in the following.
First, the relationship of offline quantities and online prices with respect to the acceptance of the direct channel will be examined by numerical experiments by taking θ = 0.8 in the left-hand of Figures 7-10 . Similarly, we set ρ = 0.4 in the right-hand of Figures 7-10 to investigate the offline quantities and online prices regarding the degree of consumer patience. The conclusion could be graphically obtained without any assumption in region (θ, ρ) 0 ≤ ρ ≤ θ ≤ 1 , but it is not clear in 3-Dimension situation. Thus, we assume θ = 0.8 or ρ = 0.4, respectively, to investigate the properties in 2-Dimensional figures. From Figures 7-10 , in the region (θ, ρ) 0 ≤ ρ ≤ θ ≤ 1 , the quantity and price sequences in Period 1 under four models are stated in the following proposition.
given in the following.
First, the relationship of offline quantities and online prices with respect to the acceptance of the direct channel will be examined by numerical experiments by taking 0.8 θ = in the left-hand of (a) Impact of ρ on offline prices (b) Impact of θ on offline prices (a) Impact of ρ on offline prices (b) Impact of θ on offline prices (a) Impact of ρ on offline prices (b) Impact of θ on offline prices 7-10 verify the monotonic properties of quantities and prices with respect to parameters, as stated in Propositions 3, 5 and 7. The acceptance of the online channel has a positive impact on online retailer's prices and quantities, while it has a negative impact on the offline retailer's prices and quantities. All quantities in Period 1 except for offline retailer's quantity are decreasing with the increase in the degree of consumer patience because of inter-periodic competition. However, counter-intuitively, as shown in the left-hand of Figure 7 , the sales volume of the offline retailer increases with the increase in the degree of consumer patience in Model D. In Model D, offering the online channel in Period 2 is a serious threat to the offline retailer. To compete against the online channel and protect its market share in Period 1, the offline retailer has to cut its retail price as the only effective tool even confronted with patient consumers. Thus, the offline retailer's sales volume increases. As displayed in the left-hand of Figure 8 , the sales volume of the online retailer also increases with increasing degree of consumer patience in Model R for a similar reason. Some discussions about quantities or prices sequences in these figures are given in the following:
. Specifically, the online or offline retailer would achieve higher sales quantities when the second-period promotion sales are provided by its competitor rather than itself.
That is, offline and online retailers have the same price sequence. Further, the retail price without promotion strategy is the highest.
It reveals that the first-period quantity of the online retailer is highest when sales promotion is provided by the offline retailer; the offline retailer also has a symmetrical property. This is partly because there is no chance for consumers to purchase through the online channel in Period 2 in Model R. Moreover, sales quantities of both the online retailer and the offline retailer reach their second-highest in Model N and third-highest in Model B. On the other hand, their second-highest prices are obtained in Model D. Channel competition only exists in Model N, the online and offline retailers set the highest prices in Period 1 in Model N, while channel competition and periodic competition both exist in Model B, retailers set the lowest prices in Model B. We can thus conclude that Model N or Model D will be preferable for online and offline retailers as they set high volumes and prices for the first period, which will be verified below.
Similar to Arya et al. [3] and Xiong et al. [17] , compared with only the offline channel setting, the manufacturer, also acting as an online retailer, may offer a lower wholesale price to the downstream retailer in the dual-channel setting. Our results also show that, compared with promotion only through the offline channel (i.e., Model R), the online retailer would set a lower first-period price when promoting sales through dual channels (i.e., Model B) to offset the advantage of online retailer's competitive position in the retail market. Among other results, we found that the first-period price was always higher in Model D than that in Model R. Moreover, Erhun et al. [28] stated that the first-period price increases as the number of selling period increases. However, we show that the first-period price in the single-period setting (i.e., Model N) is the highest.
Without any assumptions, we can graphically summarize the detailed profit sequences of the online and offline retailers under four different strategies in the following figures.
From the region (θ, ρ) 0 ≤ ρ ≤ θ ≤ 1 shown in Figure 11 , the online retailer in Model N dominates in terms of profit. π R d is the secondary dominator when θ and ρ take higher values, or π D d is the secondary dominator when θ and ρ take lower values. Surprisingly, π B d is always the lowest in all regions except for the higher values for θ and ρ, where π D d is the minimum. For the offline retailer, π D r dominates when ρ and θ is higher, but when ρ takes lower values irrespective of the θ value, π N r dominates others. In the region that Model D dominates, π N r is the secondary dominator and π R r is the minimum. While in the region that Model N dominates, π D r is the secondary dominator and π B r is the minimum (see Figure 12 ). The optimal channel structure strategy depends on the players confronting which types of consumers. In summary, the best choice for the online retailer is Model N, while it is better to choose Model N or Model D than Model R or Model B for the offline retailer. In particular, compared with providing an offline channel in Period 2 by themselves, the offline retailer could get higher profits when the online retailer introduces the online channel in Period 2. The main reason is that the offline retailer's selling quantity and price in Period 1 in Model D are initially higher than those in the Model R. Practically speaking, offline retailers would be more enthusiastic on Cyber Monday and Double Eleven than even Black Friday.
Contrary to the conventional wisdom, Erhun et al. (2008) stated that all members within the supply chain benefit from multi-period trading [28] . Figures 11 and 12 imply that bearing the brunt of the online channel, single-period selling dominates two-period selling in the dual-channel supply The optimal channel structure strategy depends on the players confronting which types of consumers. In summary, the best choice for the online retailer is Model N, while it is better to choose Model N or Model D than Model R or Model B for the offline retailer. In particular, compared with providing an offline channel in Period 2 by themselves, the offline retailer could get higher profits when the online retailer introduces the online channel in Period 2. The main reason is that the offline retailer's selling quantity and price in Period 1 in Model D are initially higher than those in the Model R. Practically speaking, offline retailers would be more enthusiastic on Cyber Monday and Double Eleven than even Black Friday.
Contrary to the conventional wisdom, Erhun et al. (2008) stated that all members within the supply chain benefit from multi-period trading [28] . Figures 11 and 12 imply that bearing the brunt of the online channel, single-period selling dominates two-period selling in the dual-channel supply chain. In other words, the profits of online and offline retailers in the single-period dual-channel The optimal channel structure strategy depends on the players confronting which types of consumers. In summary, the best choice for the online retailer is Model N, while it is better to choose Model N or Model D than Model R or Model B for the offline retailer. In particular, compared with providing an offline channel in Period 2 by themselves, the offline retailer could get higher profits when the online retailer introduces the online channel in Period 2. The main reason is that the offline retailer's selling quantity and price in Period 1 in Model D are initially higher than those in the Model R. Practically speaking, offline retailers would be more enthusiastic on Cyber Monday and Double Eleven than even Black Friday.
Contrary to the conventional wisdom, Erhun et al. (2008) stated that all members within the supply chain benefit from multi-period trading [28] . Figures 11 and 12 imply that bearing the brunt of the online channel, single-period selling dominates two-period selling in the dual-channel supply chain. In other words, the profits of online and offline retailers in the single-period dual-channel model (i.e., N Model) is always higher than those in the two-period dual-channel model (i.e., B Model). Thus, offering dual channels in the promotion period will not make the best strategy. We believe this difference stems from the competition between online and offline retailers rather than the competition between the upstream manufacturer and the downstream retailer.
On the other hand, Figure 11 shows that, from the online retailer viewpoint, compared with only the offline channel existing in the second period (i.e., Model R), the introduction of the online channel in the second sales period (i.e., Model B) cannot create a higher profit. Figure 12 also shows that the offline channel achieves a higher profit in Model D rather than in Model B. Our observation differs from the observation of Chiang et al. [4] and Chen [29] who argued that "introducing the online channel model provides the online retailer's profit improvement". They focus on determining the optimal selling price in a single-period supply chain while we consider the pricing policy in a two-period supply chain.
Discussion and Comparison
Dual-channel distribution systems, including an online channel and an offline channel, have been adopted by many retailers (defined as "Model N"). Retailers consider setting the promotion period to sell products through only the online channel, or only the offline channel, or dual channels at the same time (defined as "Model D", "Model R", and "Model B", respectively). Although the marketing issues associated with two selling periods have been well studied, limited results are known about how these marketing strategies are influenced by the retailers' adoption of different channel structures and the penetration of strategic consumers. To fill in this gap, this paper attempts to investigate how strategic consumers' behaviors impact the optimal quantities and how the retailers' selling strategies affect their profits.
We first introduced four original demand functions of the dual-channel supply chain by incorporating the consumers' utility in our paper. Based on it, we establish optimal quantity and price strategies for online/offline retailers. Our results indicate that, in most cases, all online retailer's optimal sales volumes and prices increase as the acceptance of the online channel increases, while it is opposite for the offline retailer. But in Model R, the offline retailer's optimal decisions in the second period increase with the increase in the acceptance of the online channel. In addition, opposite to all results in Period 1, all volumes and prices obtained in Period 2 increase with the degree of patience increasing. It seems counter-intuitive that a more patient consumer would not wait for a lower price in Period 2.
At last, the equilibrium outcomes of both parties are analyzed among four different channel structure strategies by graphical analysis. We found that strategic consumers' behaviors (i.e., the acceptance of the online channel and the degree of patience) could strongly influence the choice of channel structures for online and offline retailers. It reveals that online and offline retailers earn the highest profit in the single-period model except when consumers have a high degree of patience and a high acceptance of the online channel. Finally, the offline retailer could obtain higher profits when the online retailer introduces an online channel in the promotion period instead of providing an offline channel in the promotion period.
In this paper, only the retailers and consumers are considered, while future studies could be extended to consider a manufacturer or supplier to analyze the wholesale price. In addition, consumers are homogenous in this paper. Studies next will consider different types of consumers, for example, experienced and inexperienced consumers, which is closer to real life. Moreover, dynamic modeling would seem to be more appropriate in two-period framework research, so dynamic investigation would be our subsequent research topic. 
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Appendix A
Proof of Proposition 2. In Period 2, the online retailer's problem is to choose the optimal quantity q d2 to maximize profit max
with q r1 and q d1 given. Thereafter, the online retailer's optimal retail quantity q d2 = (1 − q r1 − q d1 )/2.
By substituting Equation (A1) into Equation (5), based on it, the profit functions of the online retailer and offline retailer could be expressed as max q r1
From the online retailer's profit, the first term is the revenue from selling in Period 1, and the second term is revenue from Period 2. The profit in Period 2 is multiplied by the degree of patience, which is mainly due to the patience of the consumer working as a discount factor, i.e., the online retailer discounts the profits in Period 2 to get the profit value at the same time point as the value in the Period 1. The first-order optimality conditions are
Solving the above equations, we get
Substituting in Equations (A1) and (5), we obtain p D r1 , p D d1 , p D d2 , q D d2 as stated in Proposition 3. 
Proof of
∂ρ > 0. At last, we consider the properties of sales quantities regarding θ. By first partial derivatives, we obtain
Proof of Proposition 4. In Period 2, the offline retailer decides the sale quantity q r2 sold through the offline channel in Period 2. Using backward induction, the offline retailer's profit in Period 2 is max q r2 π r2 = p r2 q r2 = (1 − q r1 − q d1 − q r2 )q r2 .
Thus, the optimal retail quantity is q r2 = (1 − q r1 − q d1 )/2.
Combining (A2) with Equations (6), we could obtain the optimal prices p r1 and p d1 in Period 1. Therefore, the profits of online and offline retailers are max q r1 π r1 = p r1 q r1 + ρp r2 q r2 = 1 2
The first-order optimality condition is Proof of Proposition 5. In Model R, define β = 4 − 2ρ − θ, taking the derivative of all results obtained in proposition 4 with respect to ρ, we learn
∂ρ < 0 could be obtained. The other conclusions can be derived by first-order partial derivative easily, so we omit them here.
Proof of Proposition 6. Using backward induction, the profits of online and offline retailers can be expressed as
It follows that the optimal solutions can be described as follows
We rewrite the profits of two retailers for π d1 = p d1 q d1 + ρp d2 q d2 and π r1 = p r1 q r1 + ρp r2 q r2 as follows
The derivative of the profit function with respect to the selling quantity is
where γ = (4 − θ)(4θ − θ 2 − 2ρ), and consequently, we get q B r1 and q B d1 as expressed in Proposition 6. Substituting q B r1 and q B d1 in (A3) and (7), yields the other optimal results.
